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APOLLO 8 SPACECRAFT OPERATIONAL ALTERNATE MISSION PLANS 

VOLUME I - EKBTH ORBIT ALTERNATES 

By David D .  DeAtkine, Alexander Woronow, and Richard J .  Carr . 
SUMMARY 

The plans proposed i n  t h i s  report  d e a l  with a l t e r n a t e  mission 
sequences r e s u l t i n g  from t h e  following contingencies occurring during 
t h e  Apollo 8 mission: 

1. C O I ,  where t h e  S-IVB f a i l s  l a t e  i n  i t s  f i r s t  burn,  and i s  
followed by CSM separa t ion  and an SPS burn t o  o r b i t .  

2. S-IVB f a i l u r e  p r i o r  t o  TLI or i n s u f f i c i e n t  p rope l l an t  f o r  
r e s t a r t .  

3. Premature or non-nominal TLI t e rmina t ion  r e s u l t i n g  i n  an 
e l l i p s e  whose energy i s  such t h a t  a AV of g r e a t e r  t han  approximately 
3000 fps  i s  requi red  at TLI-plus-3-hours f o r  an SPS midcourse maneuver 
( t h i s  corresponds t o  an apogee of approximately 60 000 n. m i .  ) .  

The proposed e a r t h  o r b i t  a l t e r n a t e  missions involve seve ra l  
d i f f e r e n t  procedures. The sequence used i s  determined by t h e  contingency 
s i t u a t i o n  i t s e l f  and such cons t r a in t s  as SPS AV c a p a b i l i t y ,  recovery 
requirements,  landmark l i g h t i n g  conditions,  and RCS deorb i t  c a p a b i l i t y .  
A summary of t h e  a l t e r n a t e  missions as a func t ion  of t h e  type  of 
f a i l u r e  i s  shown i n  t a b l e  I ,  and a func t ion  of t ime of f a i l u r e  i n  
t a b l e  11. 

INTRODUCTION 

This document presents  t h e  opera t iona l  e a r t h  o r b i t  a l t e r n a t e  mission - p lans  f o r  t h e  Apollo 8 mission ( i . e . ,  C ' ,  A l t e rna te  l), and provides 
F l i g h t  Control with a comprehensive set of a l t e r n a t e  missions t o  
i n t e g r a t e  i n t o  mission r u l e s  ( e a r t h  o r b i t  a l t e r n a t e  missions a r e  provided 
f o r  i n  t h e  cu r ren t  ve r s ion  of t h e  C '  miss ion r u l e s ,  re fe rence  1, but ,  0 d e t a i l s  a r e  l a c k i n g ) .  
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This  document i s  r e s t r i c t e d  t o  e a r t h  o r b i t  a l t e r n a t e  missions which 
stem from e i t h e r  an off-nominal f i r s t  o r  second S-IVB burn and assumes 
a p e r f e c t l y  ope ra t iona l  CSM. The types  of e a r t h  o r b i t a l  a l ternates  
t h a t  have been i d e n t i f i e d  include missions t h a t  are a C-type, an E-type, 
or a semisynchronous (12-hour per iod)- type;  circumlunar and lunar  o r b i t  
a l t e r n a t e  mission p lans  a r e  t o  be published sepa ra t e ly .  This s tudy i s  
r e s t r i c t e d  t o  t h e  December launch window; however, t h e  same techniques 
descr ibed are  appl icable  t o  t h e  January window as w e l l .  
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SM serv ice  module 

SPS serv ice  propuls ion system 

tb - 
T E I  

. T L I  

burn t i m e  

t r a n s e a r t  h i n  j ec t ion  

t r ans luna r  i n j e c t i o n  

NOMINAL MISSION DESCRIPTION 

The C '  mission i s  planned t o  be a CSM-only, l una r  o r b i t  mission 
The prime ob jec t ives  (approximately 1 0  revolu t ions  about t k . e  moon). 

are t o  v e r i f y  t h e  MSFN state  vector  determinat ion c a p a b i l i t y ,  t e s t  
c i s l u n a r  pass ive  thermal c o n t r o l  and onboard navigat ion techniques,  and 
gene ra l ly  v e r i f y  t h e  t r a n s l u n a r ,  t r a n s e a r t h  and lunar  o r b i t  mission 
t ime l ines  and opera t iona l  procedures. See re ference  2 f o r  a complete 
l i s t  of C '  t e s t  ob jec t ives .  

The mission i s  planned t o  be launched wi th in  a window which opens 
on December 20, 1968, and c loses  December 27, 1968. 
window (January 18 through January 24) has been determined i n  t h e  event 
of launch delays beyond t h e  December window. 

A January launch 

The C '  nominal mission desc r ip t ion  given i n  t a b l e  I11 relates  t o  
a p a r t i c u l a r  launch and in.iection oppor tuni ty ;  namely, December 21,  

72' launch azimuth; 12 51 G . m . t .  l i f t - o f f ,  and i n j e c t i o n  on t h e  f irst  
opportuni ty .  For a complete desc r ip t ion  of t h e  nominal mission,  see 
r e fe rence  3. 

h m  

SUMMARY OF INPUT DATA 

Input  data used i n  t h e  prepara t ion  of t h i s  document were obtained 
from t h e  following sources:  

Mission C '  d e t a i l e d  t es t  objec t ives  . . . . . . . . . ref.  2 

Mission and spacecraf t  cons t r a in t s .  . . . . . refs .  4 and 5 

C '  mission r u l e s .  . . . . . . . . . . . . . . . . . . r e f .  1 

C r e w  t ime l ine  . . . . . . . . . . . . . . . . . . . . re f .  6 
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Spacecraft  parameters . . . . . . . . . . . . . . . .  r e f .  4 

AV al lotment .  . . . . . . . . . . . . . . . . . .  t a b l e  I V  

DEFINITIONS, GROUND RULES, AND ASSUMPTIONS 

Since t h e  mission and spacecraf t  c o n s t r a i n t s  documents ( r e f s .  4 
and 5 )  do not contain a l l  necessary ground r u l e s  and assumptions f o r  
e a r t h  o r b i t  a l t e r n a t e  mission planning,  it i s  necessary t o  document 
here  t h e  basic  guide l ines  used i n  planning t h e  a l t e r n a t e  missions 
descr ibed.  

Def in i t i ons  

Several  terms which a r e  used in' t h i s  r epor t  are def ined as follows: 

1. Alternate  mission - Any devia t ion  from t h e  nominal t ime l ine  
where fu r the r  mission ob jec t ives  are considered before  t h e  end of t h e  
m i  s s ion.  

2 .  Abort - Any s i t u a t i o n  where crew s a f e t y  r equ i r e s  immediate 
mission terminat ion;  no f u r t h e r  mission ob jec t ives  are considered. 

3. Semisynchronous o r b i t  - An e l l i p t i c  o r b i t  with a 12-hour per iod ,  
which the re fo re  has two per igee  passes  per  day; t h e  per igee  pos i t i ons  
are f ixed  r e l a t i v e  t o  t h e  e a r t h ,  180° a p a r t  i n  longi tude .  

Ground Rules 

1. Alternate  mission planning w i l l  be cons i s t en t  with cur ren t  
spacec ra f t ,  crew, and opera t iona l  c o n s t r a i n t s .  

2. No add i t iona l  RTCC processors  w i l l  be necessary.  Additional 
real-time requirements w i l l  be  incorporated i n t o  t h e  RTACF. 

3. E n t r y  v e l o c i t i e s  between 26 000 and 36 000 f p s  are assumed 
t o  be acceptable.  

4. A l l  l a r g e  deboost SPS maneuvers are pos i t ioned  such t h a t  MSFN 
coverage i s  ava i l ab le .  

5 .  Deorbit from t h e  a l t e r n a t e  mission i s  planned such t h a t  
recovery l i gh t ing  cons t r a in t s  are met whenever poss ib l e .  
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6. Only water landings a r e  planned (assumed recovery a reas  a r e  
as spec i f i ed  i n  t h e  C' nominal lunar mission) .  

7. 
dosage. 

High apogee passes  a r e  planned with considerat ion f o r  r a d i a t i o n  0 
- 

8. I n  general ,  a l l  maneuvers i n  t h e  high e l l i p s e  are re t rograde ;  
t h a t  i s ,  abor t  r e t u r n  t i m e  i s  always lessened  by each maneuver. 

9 .  It i s  assumed t o  be des i r ab le  t o  s t a y  i n  o r b i t  following a 
c 

non-nominal TLI  or no T L I  f o r  a fu l l -dura t ion  (approximately 10  days)  
mission r a t h e r  than t o  abort  t h e  mission. 0 

10. I n  a l l  a l t e r n a t e  missions,  t h e  lunar  mission t ime l ine  i s  
adhered t o  whenever poss ib le .  

11. There w i l l  be no addi t iona l  crew t r a i n i n g  f o r  a l t e r n a t e  missions.  

12. In  t h e  event of a f a i l u r e  of t h e  S-IVB t o  r e i g n i t e  f o r  T L I ,  it 
i s  assumed des i r ab le  t o  perform an SPS maneuver t o  achieve an E-type 
high e l l i p s e  f o r  navigat ion and passive thermal con t ro l  ob jec t ives .  
I n  add i t ion ,  t h e  SPS burns are t o  be  timed such t h a t  t h e  SPS i n j e c t i o n  
and SPS deboost simulate t h e  LO1 and TEI  maneuvers of t h e  luna r  mission. 

13. SPS i n j e c t i o n  coverage, although des i r ab le ,  i s  not assumed 
t o  be mandatory ( i n j e c t i o n  pos i t ion  determined by l i g h t i n g  condi t ions 
f o r  high apogee navigat ion exe rc i se s ) .  

14 .  R C S  deorb i t  c a p a b i l i t y  is  maintained f o r  a l l  a l t e r n a t e  missions.  

Assumptions 

1. The h igh-e l l ipse  phasing maneuver (used t o  pos i t i on  a l a t e r  
per igee  pas s )  i s  appl ied at  t h e  f i r s t  per igee  passage, and i s  not 
necessa r i ly  covered by MSFN, although coverage i s ,  of  course,  des i r ab le .  

2. No s h i f t i n g  of t h e  l i n e  of apsides  or t h e  l i n e  of nodes i s  
attempted i n  t h e  phasing maneuver of  t h e  premature cu to f f  h igh-e l l ipse  
a l t e r n a t e ;  only a reduct ion i n  o r b i t a l  per iod  i s  made. 

3 .  A maximum AV of 8000 fps i s  allowed i n  t h e  phasing and deboost 
mmeuvers of t h e  premature cutoff  e l l i p s e ;  t h i s  leaves approximately 
1700 f p s  of AV (based on usable  C' propel lan t  loading)  f o r  burn disper-  
s i o n  allowances, deo rb i t ,  and other maneuvers. 

4. The deboost raneuver from t h e  premature cutoff  high e l l i p s e  
achieves a 400-n. m i .  apogee (as i n  t h e  E mission deboost)  except 
where t h e  8000-fps AV l i m i t  prevents it. 
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5 .  A maximum of 8700 fps  of AV i s  allowed f o r  o r b i t  shaping, SPS 
i n j e c t i o n ,  and deboost;  t h i s  leaves  approximately 1000 f p s  of  AV f o r  
deo rb i t  and o ther  maneuvers. 

6 ,  The December launch window w a s  used i n  t h i s  s tudy;  however, t h e  
same techniques should be appl icable  t o  any launch opportuni ty .  

7 .  A maximum r a d i a t i o n  dose of  1 rad  and 2 rads  depth and sk in  
dose,  r e spec t ive ly ,  pe r  h igh-e l l ipse  r evo lu t ion  i s  assumed. 4 

8. The maximum apogee f o r  t h e  premature TLI  cu to f f  ear th-orb i t  
t ype  of a l t e r n a t e  mission i s  assumed t o  be 60 000 n. m i . ;  t h i s  
corresponds t o  an SPS midcourse at TLI-plus-3-hours of approximately 
3000 f p s  of AV. 
( i . e . ,  t h e  poin t  a t  which an SPS burn can complete t h e  T L I  and a circum- 
lunar  mission can be at tempted) .  

Further  s tud ie s  may a l t e r  t h i s  change-over poin t  

ALTERNATE MISSION PLANS 

Alterna te  Mission 1 

The sequence of events  assoc ia ted  with a l t e r n a t e  mission 1 i s  as 
follows : 

1. C O I  following S-IVB f i r s t  burn malfunction. 

2 .  SPS o r b i t  "tuning" maneuvers, fol lowing t h e  lunar  mission 
MCC t imeline. 

3. SPS i n j e c t i o n  i n t o  a 4000-n. m i .  e l l i p s e  a t  approximately 
69 hours g . e . t . ,  provided s u f f i c i e n t  SPS AV i s  ava i lab le ."  

4. SPS deboost i n t o  a low e a r t h  o r b i t  approximately 24 hours 
a f t e r  i n j e c t i o n .  

5 .  Further M C C ' s  ( fol lowing t h e  luna r  mission t i m e l i n e )  a r e  
used t o  adjust  t h e  e l l i p s e  f o r  deo rb i t .  

6 .  Approximately a 10-day mission. 

If t h e  S-IVB malfunctions l a t e  i n  i t s  f i r s t  burn,  t h e  CSM has t h e  
c a p a b i l i t y  t o  achieve a low o r b i t  us ing  t h e  SPS. I f  t h e  AVCOI i s  less  

* 

a See discussion f o r  explanat ion of AV su f f i c i ency  c r i t e r i a .  
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than  approximately 900 f p s ,  t h e  CSM has t h e  c a p a b i l i t y  t o  l a t e r  i n j e c t  
i n t o  an E-type e l l i p s e ,  then  deboost and continue t h e  mission i n  a low 
e a r t h  o r b i t  s t i l l  following t h e  lunar o r b i t  t ime l ine .  

If ,  on t h e  o the r  hand, t h e  CSM has  t h e  AV c a p a b i l i t y  t o  achieve 
0 

and deboost f r o m t h e  high e l l i p s e  (which means a AVCOI < 900 k 200 f p s ,  

depending upon t h e  i n s e r t i o n  e l l i p s e ) ,  t h e  p lan  i s  t o  remain i n  low 
e a r t h  o r b i t  f o r  approximately 68-72 hours,  making M C C ' s  cons i s t en t  
with t h e  luna r  t ime l ine .  These maneuvers could be  used f o r  per igee  
p re se rva t ion  or o the r  o r b i t  tuning burns.  I n  t h e  time per iod  of 
68-72 hours g . e . t .  ( cons i s t en t  w i t h  t h e  nominal mission L O I ) ,  t h e  SPS 
i s  i g n i t e d  over U .  S. or ETR MSFN s t a t i o n s  near maximum nor thern  
d e c l i n a t i o n  f o r  a 4200-fps burn t o  i n j e c t  t h e  CSM onto a 4000-n. m i .  h . 

+ 

0 
a 

The i n j e c t i o n  po in t  i s  a function of t h e  l i g h t i n g  condi t ions  desired 
under t h e  apogee f o r  star/landmark navigation s igh t ings .  
i l l u s t r a t e d  i n  f i g u r e  1, where t h e  i n j e c t i o n  p o s i t i o n  on t h e  a r c  across  
t h e  maximum northern dec l ina t ion  is  chosen based upon maximizing dayl ight  
under t h e  r e s u l t i n g  apogee. It can be  seen from t h i s  f i g u r e  t h a t ,  i f  
i n j e c t i o n  i s  constrained t o  t h i s  arc ( t h i s  i s  done t o  maximize i n j e c t i o n  
and deboost burn MSFN coverage) , i n  a l l  launch oppor tun i t i e s  (day of 
launch, launch azimuth, or t i m e )  a t  least h a l f  t h e  apogee pass  could be 
placed i n  day l igh t .  It should be remembered t h a t  t h e  day/night te rmina tor  
remains approximately f ixed  r e l a t i v e  t o  t h e  o r b i t a l  l i n e  of aps ides .  

This i s  

The CSM remains i n  t h e  high e l l i p s e  f o r  approximately 24 hours 
( u n t i l  t h e  US-E!TR r o t a t e s  back under t h e  i n e r t i a l  p e r i g e e ) .  
t h e  high e l l i p s e ,  t h e  crew work and rest cyc les  would be q u i t e  similar 
t o  t h a t  of t h e  lunar  mission. The high e l l i p s e  deo rb i t  s i t u a t i o n  i s  
covered i n  re ference  7 ,  which i s  based upon t h e  E mission high e l l i p s e .  
The SPS deboost burn (AV = 3700 f p s )  occurs over t h e  US-ETR; t h e  
r e s u l t i n g  e l l i p s e  i s  approximately 100- by 400-n. m i .  ( t h e  same as i n  
t h e  E-type mission).  
mainder of t h e  10-day mission. 
for o r b i t  trimming and shaping and d e o r b i t .  

While i n  

The CSM remains i n  t h e  low e a r t h  o r b i t  f o r  t h e  r e -  
Remaining SPS p rope l l an t  can be used 

0 I n  t h e  event t h e  AVcoI is too l a r g e ,  t h e  CSM would not i n j e c t  onto 

t h e  high e l l i p s e ,  bu t  remain i n  l o w  e a r t h  o r b i t ,  f o r  a C-type mission. 
End of mission recovery a r e a  l i g h t i n g  condi t ions  a r e  a problem f o r  e a r t h  
o r b i t  a l t e r n a t e s  from missions which l i f t - o f f  e a r l y  i n  t h e  f i r s t  two days 
of t h e  December launch window. 
e a r t h  o r b i t  toge ther  with t h e  ea r ly  l i f t - o f f  r e s u l t s  i n  e a r l y  morning 
( p r e s u n r i s e )  landings.  
nodal  plane-change maneuvers; t h i s  method, however, i s  somewhat r e s t r i c t e d  

- 

c 

Nodal regress ion  during t h e  10  days of 

This condition can be improved i n  some cases  by 

0 by AV c a p a b i l i t y .  

A t y p i c a l  al ternate mission 1 t ime l ine  i s  shown i n  t a b l e  V ( a )  for 
t h e  December 21, 72' launch azimuth opportunity.  
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Al te rna te  Mission 2 

The sequence of events  assoc ia ted  with a l t e r n a t e  mission 2 i s  t h e  
same as t h a t  shown f o r  a l t e r n a t e  1, except t h a t  t h e r e  i s  no C O I  because 
t h e  S-IVB achieves o r b i t ,  but  does not r e i g n i t e  with CSM at tached .  

I f ,  a f t e r  achieving EPO, t h e  S-IVB f o r  any reason cannot be 
r e i g n i t e d  with t h e  CSM at tached ,  t h e  spacecraf t  can be separa ted ,  and 
t h e  same sequence ou t l ined  f o r  t h e  a l t e r n a t e  1 mission can be followed, 
except t h a t  t he re  i s  no SPS AV l i m i t a t i o n  as a r e s u l t  of  C O I .  Therefore,  
t h e  SPS i n j e c t i o n  t o  a 4000-n. m i .  e l l i p s e  would always be performed 
(assuming the CSM i s  i n  a "GO" cond i t ion ) .  
for navigation and l i g h t i n g  e x i s t s  here  as i n  a l t e r n a t e  1. 

The same l i g h t i n g  problems 

Shown i n  t a b l e  V(b) i s  a t y p i c a l  t ime l ine  f o r  a l t e r n a t e  mission 2 .  

A l t e rna te  Mission 3a 

The sequence of events  assoc ia ted  with a l t e r n a t e  mission 3a i s  
as fol lows:  

1. S-IVB shuts  down prematurely during T L I ;  r e s u l t i n g  h i s  l e s s  a 
than  4000 n.  m i .  

2 .  SPS i n j e c t i o n  onto a 4000-n. m i .  e l l i p s e ,  fol lowing t h e  lunar  
mission MCC t imel ine .  

3. SPS deboost t o  low e a r t h  o r b i t  one day l a t e r .  

4. Continue 10-day low e a r t h  o r b i t  mission.  

I n  t h e  event t h e  S-IVB r e i g n i t e s  bu t  malfunct ions,  n e c e s s i t a t i n g  
engine shutdown, and t h e  r e s u l t i n g  apogee i s  less  than  4000 n.  m i . ,  t h e  
SPS i s  used (fol lowing t h e  MCC t i m e l i n e )  t o  boost  t h e  apogee t o  4000 n.  m i .  
The CSM remains i n  t h i s  o r b i t  f o r  approximately one day, deboosts t o  low 
e a r t h  o r b i t ,  and cont inues a low e a r t h  o r b i t  mission. The maneuver t o  
achieve t h e  4000-n. m i .  apogee would be performed at t h e  second per igee .  
The deboost is  performed over t h e  i n j e c t i o n  sh ips ,  roughly 24 hours 
a f t e r  T L I .  The CSM then  spends approximately s i x  o r b i t s  i n  t h e  
4000-n. m i .  e l l i p s e .  

A t y p i c a l  a l t e r n a t e  mission 3a t ime l ine  i s  shown i n  t a b l e  V(c)  f o r  
t h e  December 21 ,  72O launch azimuth opportuni ty .  
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Alterna te  Mission 3b 

The sequence of events associated with a l t e r n a t e  mission 3b i s  as 

1. Premature S-IVB shutdown during TLI ;  4000 

2. 

follows : 

ha - < 25 000 n .  m i .  
* 

SPS phasing maneuver at  f i r s t  per igee .  

- 3. SPS deboost a t  per igee  approximately 24 hours a f t e r  T L I .  

4. 

5 .  Mission approximately 10  days i n  durat ion.  

SPS M C C ' s  t o  a d j u s t  o r b i t ,  following luna r  t ime l ine .  0 

The plan i s  t o  perform an SPS phasing maneuver a t  t h e  f irst  per igee  
passage t o  change t h e  o r b i t a l  period such t h a t  a t  TLI-plus-24-hours t h e  
CSM passes  through per igee ,  and such t h a t  per igee i s  loca ted  over one o r  
both i n j e c t i o n  sh ips ,  or H a w a i i ,  Canberra, or Carnarvon MSFN s t a t i o n s  
(depending upon t h e  day of launch, s ince  per igee  moves souther ly  during 
t h e  launch window). This i s  done t o  cover t h e  l a r g e  SPS burn used t o  
deboost t h e  CSM i n t o  a 100- by 400-n. m i .  low e a r t h  o r b i t .  
of o r b i t a l  per iod t o  be performed by t h e  phasing maneuver i s  shown as a 
func t ion  of t h e  S-IVB premature cutoff apogee a l t i t u d e  i n  f i g u r e  2 .  The 
AV requirements f o r  phasing and deboost a r e  shown as a func t ion  of T L I  
premature cutoff  apogee a l t i t u d e  i n  f i g u r e  3. This maneuver could t a k e  
p l ace  anywhere from 6 hours t o  1 6  hours g . e . t . ,  depending upon apogee 
a l t i t u d e .  

The change 

The deboost per igee  l i n e  i s  shown i n  f i g u r e  4 .  It can be seen 
t h a t  t h e  des i red  per igee poin t  moves southwestward through t h e  monthly 
launch window; i t s  longi tude pos i t ion  i s  placed t o  maximize MSFN coverage. 
Both f igu res  3 and 4 show per iod  changes and AV requirements f o r  s e l ec t ed  
days and launch azimuths of t h e  December launch window. The o r b i t a l  
per iod  as a funct ion of TLI  cu tof f  i s  shown i n  f i g u r e  5 .  
requirement t o  lower apogee t o  400 n. m i .  i s  shown i n  f i g u r e  6.  

The AV and tb 

This a l t e r n a t e  mission sequence i s  t o  perform a phasing maneuver .. at  f i r s t  per igee pass  ( 3  t o  1 4  hours a f t e r  T L I ) ,  coast  i n  t h e  phasing 
e l l i p s e  u n t i l  approximately TLI-plus-24-hours, deboost i n t o  t h e  100- by 
400-n. m i .  o r b i t  , and proceed w i t h  a l o w  e a r t h  o r b i t  mission (10 days ) .  

navigat ion exerc ises ;  however, i n  some regions of t h e  launch window t h e  
landmark l i g h t i n g  condi t ions underneath t h e  apogee r e s u l t i n g  from t h e  
TLI  premature cu tof f  are r a t h e r  poor. 

0 

L There i s  ample t ime (20 t o  25 hours) spent i n  t h e  high e l l i p s e  t o  perform 

A t y p i c a l  t ime l ine  f o r  a l t e r n a t e  mission 3b i s  shown i n  table V(d) .  
0 
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Alterna te  Mission 3c 

The sequence of  events  assoc ia ted  wi th  a l t e r n a t e  mission 3c is 
as follows: 

1. 

2. SPS phasing maneuver at f irst  per igee .  

3. SPS maneuver a t  approximately 72 hours g . e . t .  t o  p lace  CSM i n  

Premature S-IVB shutdown during T L I ;  25 000 'h < 60 000 n.  m i .  * 
a -  

0 a semisynchronous o r b i t .  

4. Remain i n  semisynchronous e l l i p s e  f o r  approximately t h e  remainder 
of 10-day mission, then  i n i t i a t e  a d i r e c t  en t ry  from semisynchronous 
o r b i t .  

The procedure i s  t o  perform a r e t rog rade  phasing maneuver a t  t h e  
f i r s t  perigee t o  a l t e r  t h e  o r b i t  per iod such t h a t  a l a te r  per igee  occurs  
over a se lec ted  P a c i f i c  recovery area. A t  t h i s  per igee  another  SPS 
maneuver lowers apogee t o  approximately 22 000 n.  m i .  The r e s u l t i n g  
e l l i p s e  i s  a semisynchronous (12-hour per iod)  o r b i t  whose per igees  occur 
over t h e  same two po in t s  i n  t h e  Pac i f i c  and A t l a n t i c ,  once each per  day. 
The spacecraft  would then  remain i n  t h i s  e l l i p s e  f o r  10 days and 
deorb i t  from t h e  semisynchronous o r b i t  i n t o  t h e  P a c i f i c  prime recovery 
a rea .  Contingency deorb i t  can be performed from t h i s  e l l i p s e  a t  a l l  
t r u e  anomalies except a r e l a t i v e l y  s m a l l  band about pe r igee . ( abou t  25'). 
The per igee  l i n e s ,  or recovery l i n e s ,  a r e  e s t ab l i shed  i n  t h e  two oceans as 
shown i n  f igure  7.  The l i n e s  move southeas te r ly  through t h e  launch win- 
dow i n  order t o  provide water landing deorb i t  oppor tun i t i e s  i n  t h e  
At l an t i c .  This procedure provides two deorb i t  oppor tun i t i e s  per day t o  
s t a t i o n a r y  loca t ions ,  one each i n  t h e  A t l a n t i c  and P a c i f i c  oceans. 
It can be seen i n  f i g u r e  7 t h a t  e a r l y  i n  t h e  launch window, t h e  P a c i f i c  
per igee l i n e  i s  west of t h e  165O w e s t  prime recovery longi tude .  

It may be advantageous t o  make t h e  f i n a l  o r b i t  s l i g h t l y  less than  
1 2  hours i n  per iod t o  allow t h e  per igee t o  advance slowly eastward 
toward t h e  p r ime  area throughout t h e  mission. The recovery s h i p  could 
move westward, and t h e r e f o r e  reduce t h e  amount of requi red  per igee  
progression.  The disadvantage i n  allowing t h e  P a c i f i c  per igee  Foint  t o  
progress  toward t h e  pr ine  recovery area i s  t h a t  t h e  A t l a n t i c  per igee  
moves onto land. The remainder of t h e  10 days i s  spent i n  t h i s  
semisynchronous o r b i t ,  al lowing ample opportuni ty  f o r  navigat ion exe rc i se s .  
However, f o r  some por t ions  of t h e  launch window, t h e  landmark l i g h t i n g  
condi t ions under t h e  TLI-established apogee p o s i t i o n  are somewhat 
marginal.  

A t y p i c a l  t ime l ine  f o r  a l t e r n a t e  mission 3c i s  shown i n  t a b l e  V ( e ) .  

c 
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Alterna te  Mission 3d 

t i n g  apogee a l t i t u d e  i s  g r e a t e r  than  60 00, n.  m i . ,  
t h e  SPS AV requi red  at TLI-plus-3-hours t o  complete t h e  i n j e c t i o n  
i s  approximately 3000 f p s .  
perform t h i s  maneuver and continue t h e  luna r  mission. A l t e rna te  missions 
from t h i s  po in t  on w i l l  be described i n  volume I1 of t h i s  document. It 
shouZd be noted t h a t  i f  a premature o r  non-nominal TLI cu to f f  occurs ,  
t h e  TLI-plus-3-hours midcourse w i l l  always be computed by t h e  RTCC,-and 
i f  AVMcc i s  less than  approximately 3000 f p s ,  t h e  midcourse would be 

performed; i n  o ther  words, midcourse AV, not h determines whether 
a l t e r n a t e  3c o r  3d i s  used. 

At t h i s  p o i n t ,  t h e  dec is ion  would be t o  

a' 

The d 

CONCLUDING REMARKS 

t a  given and procedures descr ibed i n  t h i  document r e p r  ent  
t h e  ope ra t iona l  e a r t h  o r b i t  a l t e r n a t e  mission p lans  f o r  t h e  C '  l una r  
o r b i t  mission. 
r a t h e r  t han  q u a n t i t a t i v e l y ,  def ine  t h e  a l t e r n a t e  mission procedures. 
Because of t h e  l a r g e  amount of da ta  t h a t  would be necessary t o  cover 
t h e  launch window and corresponding a l t e r n a t e  mission s i t u a t i o n s  com- 
p l e t e l y ,  t h e  d a t a  presented i s  merely meant t o  be r e p r e s e n t a t i v e  of t h e  
range of maneuvers which could be used. 
w i l l  be used t o  compute t h e s e  maneuvers i n  real t ime, and t h e r e  w i l l  be 
a r e l i a n c e  upon real-t ime maneuver t a r g e t i n g  f o r  t h e  a l t e r n a t e  missions 
r a t h e r  than  p r e f l i g h t  generated data. 

The purpose here  has been p r imar i ly  t o  q u a l i t a t i v e l y ,  

RTACF procedures and processors 
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TABLE 11. -  C' EARTH ORBIT ALTERNATE M I S S I O N  FLOW CHART 

LAUNCH P 

ALTERNATE MISSION 1 

ALTERNATE MISSION 2 

OEBOOST TO 
LOW EARTH TO 4000 N. MI. 

ha ELLIPSE ORBIT 

1 OLEARTH I 
MIS SI0 N 

ALTERNATE MISSION 3 A  

3 2ND 
RN 

POSITION IF NECESSARY, 
SPS INJECTION 

ORBIT 
MISSION 

EARTH 
ORBIT .--------------- 

ALTERNATE MISSION 38 

ORBIT MISSION 

.--------------- 
ALTERNATE MISSION 3C 

z SYNCHRONOUS 
MANEUVER SYNCHRONOUS ORBIT F O R w l O  

DAYS 

------------------ .............................. 
GO LUNAR 
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TABLE 111.- NOMINAL MISSION EVENTS FOR THE APOLLO C' 

[December 2 1  launch, 

ALTERNATE 1 MISSION 

72' launch azimuth, i n j e c t i o n  on f i r s t  opportuni ty]  

Event 

Li f t -of f  

I n s e r t  ion 

T L I  

MCCl 

MCC 2 

MCC3 

MCC4 

LOI(1) 

LOI(2) 

Pass over t a r g e t  

TEI 

MCC5 

MCC6 

MCC7 

MCC8 

Entry 

Splashdown 

Ground elapsed t i m e  
of i n i t i a t i o n  , 

hr:min:sec 

00: 00: 00 

00: 11 : 20 

02: 50:31 

og : 00 

28 : 00 

47 : 00 

61 : 00 

69 : 07 

73 : 30 

82 

89 

99 

118 

142 

169 

171 

00 

00 

00 

00 

29 

53 

08: 26 

04 : 02 

00: 00 

0o:oo 

0o:oo 

00 : 00 

05: 32 

171 : 19: 18 

Burn t ime,  
s ec 

L 

a Nominally zero.  
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TABLE I V * -  ASSUMED SPS AV ALLOTMENT FOR THE APOLLO C' 

ALTERNATE 1 MISSION 

(a)  T L I  r e s u l t i n g  i n  an apogee > 4000 n .  m i .  

Maximum AV allowed f o r  deboost from 
TLI  apogee, fp s  . . . . . . . . . . . . . . . . .  8000 

. . . . . . . . . . .  AV reserved f o r  deo rb i t ,  fps 500 

AV reserved f o r  l o w  ear th-orbi t  
maneuvers (excluding deorbi t  ) . fps  . . . . . . .  1200 - 

Tota l  AV ava i l ab le ,  fps . . . . . . . . . . .  9700 

(b )  No TLI or  TLI r e su l t i ng  i n  an apogee < 4000 n. m i .  

Maximum AV allowed f o r  SPS i n j e c t i o n  
and deboost,  fps  . . . . . . . . . . . . . . . .  8700 

. . . . . . . . . . .  AV reserved f o r  deo rb i t ,  fps 500 

AV reserved f o r  l o w  ear th-orbi t  . . . . . . . .  maneuvers (excluding deorbi t  ) f p s  - 500 

Tota l  AV ava i l ab le ,  fps  . . . . . . . . . . .  9700 



Duration, AV, 
min:sec fps  

Y i s s ion 

hr : m i  n 
t ime,  Event 

0 : l l  

9:07 

i',L : 00 

70:10 

93: 51 

100 : 03 

165:01 

236: 51 

VSFN coverage Resulting 
ha/hp, n .  m i .  

09 : 11 

61: 00 

7 0 :  08 

93 : 1kO 

100 : 01 

165:40 

236 : 46 

1251102 

1151102 

4000/103 

400/103 

400190 

200190 

1901-10 

c0 I 

MCCb 

MCC2b 

SPS i n J  ec t ion  

HAW 

-- 

TEX, MLA, GBI 

M L A ,  IGBI 

H A W  

CRO 

H A W  

Deboost 

MCC3 

MCC4 

Deorhit 

MCCb 

MCC2b 

SPS inJ  ec t  ion 

Deboost 

MCC3 

MCC4 

Deorbit 

00: 56 

00 : 10 

-- 

05:07 

03 : 02 

00:15 

00:02 

00 : 11 

600 

110 

-- 

4180 

3668 

25 

363 

282 

- 
1821100 

1101110 

1071107 

4000/105 

400/105 

400190 

200190 

l g O / - l O  

(b) Alterna te  2 

00 : 04 

-- 

05:27 

03:15 

00~15 

00 : 02 

00 : 12 

45 

-- 

4160 

3680 

27 

359 

286 

BDA, i n s e r t i o n  sh ip  

H A W  

-- 

TEX, MLA, GBI 

M L A ,  G 1 3 1  

H A W  

CRO 

H A W  

a A l l  t imel ines  assume December 21 launch, 72' launch azimuth, iii,jecti(?n oil 

f i r s t  opportunity. 

i f  necessary, t o  "tune" o r b i t  p r i o r  t o  i n j e c t i o n ;  i s  non ina l l ,  zzi  . 



1 .  
I .  

Yis s i o n  
t i m e  , 

hr :min 

17 

MSFN coverage Duration AV, Resul t  i ng 
min:sec fps  ha/hp, n .  m i .  Event 

02: 51 

05 : 02 

19:56 

63:02 

100:15 

167 : 00 

236: 35 

02: 52 

15:37 

27 : 48 

63: 21 

97 : 43 

167 : 00 

236 : 09 

TLI  c /o  

Boost t o  high 
apogee 

Deboost 

MCCb 

MCC2 

MCC3b 

Deorbit 

T L I  c /o  

Phasing 

Deboost 

M C C l  

MCC2 

MCC3b 

Deorbit 

-- 
02:24 

04 :13 

00:19 

00 : 02 

-- 
00:15 

-- 
1620 

3679 

29 

337 

-- 
28 3 

2000/104 

4000/106 

400/106 

400/90 

200/90 

200/90 

1881-10 

(a) Alternate  3b 

-- 
00 : 07 

08 : 41 

00:15 

00 : 02 

-- 
00 : 12 

-7 

23 000/110 

22 100/110 

400/110 

400/90 

200/90 

200/90 

1961-11 

I n j e c t i o n  sh ip ,  HAW 

I n j e c t i o n  sh ips ,  GWM 

TEX, MLA, G B I  

T M ,  MLA 

CRO 

-- 
HAW 

I n j e c t i o n  sh ip ,  HAW 

None 

I n j e c t  ion s h i p  

MLA, G B I  

CRO 

-- 
HAW 

a A l l  t ime l ines  assume December 21 launch, 72O launch azimuth, i n j e c t i o n  on 
f i r  st opportunity.  

f o r  o r b i t  Iltuninglf p r i o r  t o  r e t r o f i r e ,  and i s  nominally zero.  



18 

Miss ion Durat ion ,  AV , 
min:sec fps  hr :min 

t ime , Event 

TABLE V . -  TYPICAL SPS MANEUVER TIMELINES FOR THE EARTH ORBITAL ALTERNATE MISSIONS 

OF THE APOLLO C '  ALTERNATE 1 MISSIONa - Concluded 

MSFN coverage Resul t ing 
ha/hp, n .  m i .  

TLI  c /o  

Phasing 

Deboost t o  
semisynchro- 
nous o r b i t  

M C C l b  

Deorbit 

( e )  Al te rna te  3c 

-- 
01 : 00 

00 : 46 

-- 

00:04 

50 000/112 

29 9 0 0 / l l l  

21 800/110 

-- 

21 800125 

I n j e c t i o n  sh ip ,  HAW 71 
I n j e c t  ion sh ip  

-- 

CRO, TAN, CNB 

a A l l  t imel ines  assume December 21 launch, 72O launch azimuth, i n j e c t i o n  on 
f i r s t  opportunity.  

for phasing t o  ad jus t  f i n a l  per igee poin t  for deorb i t  ; nominally zero. 
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